Newcastle disease virus (NDV), Infectious bronchitis virus (IBV) and avian influenza virus (AIV) are the most important respiratory viruses. Many outbreaks have been reported in Egypt in spite of the intensive use of vaccination due to the wide variations in the serotypes, the highly contagious nature, the evolution of specific tissue tropism and the mutations due to simultaneous infection of multiple virus types and use of live vaccines. In this study, 10 broiler flocks in Ismailia, Sharkeia, Gharbia, Dakahleia and Matrooh suffered of severe respiratory illness with high mortalities were examined. A total of 138 nasal swabs and 144 tissue pools (brain, trachea, lung, liver, proventriculus, spleen, kidney, intestine and cecal tonsils) were collected from affected chickens and tested with Real Time RT-PCR (qRT-PCR) assay. Total positivity percentages of each virus in chickens were 23.46% for NDV, 18.08% for IBV and 31.20% for AIV. Three NDV, three IBV and four AIV sequences out of 208 positive samples were selected for sequence analysis of F, S1 and M gene respectively. The sequence analysis of F gene of NDV revealed that all isolates were clustered in genotype VII and exhibited the cleavage site ( 112 RRQKRF 117 ) of virulent velogenic NDVs. The S1 gene of IBV showed that the three isolates were closely related to variant II IBV strains. The M gene sequence analysis revealed that two AI isolates belonged to H9N2 and two AI isolates belonged to H5N8 subtypes.
Introduction
Respiratory tract infections are of the greatest importance in poultry industry worldwide, causing high economic losses. The major economic losses are due to high morbidities and mortalities (1). A wide variety of bacterial and viral pathogens responsible for respiratory infections in poultry, particularly NDV, IBV and AIV, which can cause disease alone or in mixed infections (2). NDV is a negative sense, singlestranded RNA virus and has only one serotype belonging to the family Paramyxoviridae (3). According to virulence of strains, NDV is classified into three pathotypes: velogenic strains (highly virulent), mesogenic strains (intermediate virulence) and lentogenic strains (low virulent) (4, 5). NDVs are classified according to the partial sequence of F protein cleavage site into two classes, Class I is generally of low virulence while Class II exhibits the majority of velogenic virulent strains and contains eighteen genotypes and subgenotypes (6, 7) . IBV is an enveloped, positivesense, with ssRNA genome which belongs to the family Coronaviridae. More than 50 serotypes have been reported since the first IBV identification in 1936 (8). IBV genome have 4 structural (Spike, envelope, matrix and nucleoprotein) and 2 nonstructural genes. Spike protein 1 gene (S1) is the major antigenic determinants and serotype specific protein (9). IBV readily undergoes mutation in S1 gene resulting in the emergence of new variant serotypes and genotypes that escape vaccination causing major respiratory problems in the farm (8). AIV is a negative sense, segmented (8 segments), with ssRNA, AI virus belonging to influenza A virus of the family Orthomyxoviridae (10). Genetic shift and drift occur frequently during influenza viral replication, due to lacking of the proof reading and the genome segmentation generating replication errors (11), the resultant changes allow the virus to evade neutralizing antibody; such changes may lead to the creation of a new virus strain differ from those previously circulating viruses (12). Matrix protein is an important integral genus specific protein that determine the virus morphology (13). Based on the antigenicity of the two surface proteins (HA& NA), Influenza A viruses have at least 18 subtypes of hemagglutinin (HA) and 11 subtypes of neuraminidase (NA) (14). AIV can be divided into two groups depending on the severity of infections in poultry: highly pathogenic avian influenza virus (HPAIV) and low pathogenic avian influenza virus (LPAIV) (12). In spite of using intensive vaccination of chickens against NDV, IBV and AIV in poultry farms in Egypt, new variants of the three viruses can emerge evading chickens, vaccination causing major respiratory problems. These genetic variations in the genome of the three viruses needs periodical analysis and characterization, therefore, the present study aimed to identify and analyze the evolutionary changes of NDV, IBV and AIV subtypes circulated in 5 provinces in Egypt and involved in the respiratory manifestation of broiler chickens during 2016-2019.
Materials and Methods

Reference viruses
NDV (accession no. KU365663) , AIV H5N8& H5N1& H9N2 (accession no. MH893738 & KP209303 & MH762070) and IBV (accession no. KT832809) were isolated from Egyptian poultry farms, characterized and fully identified in RLQP -animal health research institute, Dokki, Egypt and used as positive controls. Virus strains were propagated in 9-d-old embryonated chicken eggs up to 3 passages and tested according to method described by (15). Clinical Samples A total number of 138 nasal swabs and 144 tissue samples (brain, trachea, lung, liver, proventriculus, spleen, kidney, intestine and cecal tonsils) were collected from broiler farms in five Egyptian governorates (El Sharkeia, El Dakhleia, El Gharbeia, Matrooh and Ismailia). Individual tissue samples from each bird were pooled in one tube. All chicken samples suffered from severe respiratory illness with mortalities ranged between 5 and 20%. Nasal swabs and tissue pools were prepared and processed according to the methods described by (16, 17) . RNA extraction Total RNA was extracted from swabs, tissue pools and all reference virus isolates using Dynabeads® SILANE viral NA Kit (Invitrogen) Catalog no. 37011D. Extraction of total RNA were carried out using spin column according to the manufacturer's instructions.
Primer and Probe design
Three sets of primers and probes were used for detection of NDV, AIV and IBV in qRT-PCR. Primers and Probes were specifically amplifying F gene of NDV, NP gene of IBV and M gene of AIV in the qRT-PCR (Table 1) , and to amplify F gene of NDV, S1 gene of IBV and M gene of AIV in the conventional RT-PCR (Table 2) . The sequence of the primers and probes were obtained from published data in literature and synthesized by Operon Biotechnologies (Huntsville, AL). qRT-PCR qRT-PCR employed in the present work consisted of a reverse transcription kits with master mix PCR amplification kits, enzymes and buffers in a single step. For this purpose, reverse transcription kits (Invitrogen), PCR master mix (Invitrogen) and qRT-PCR apparatus (Applied Biosystem) were used. following the protocol of the manufacturers. The cycling temperature conditions as follows 30 min at 48 o C, followed by 10 min at 95 o C, with a subsequent 40 cycles of amplification (95 o C for 15 s; 60 o C for 1 min; fluorescence was recorded at 60 o C) (18). conventional RT-PCR For RT-PCR, the target sequences were fusion protein gene of NDV, spike protein gene of IB and matrix gene of AI. Amplification of each one of the 3 RNA viruses (NDV, IBV and AIV) were done in uniplex RT-PCR using SuperScriptTM III One-Step RT-PCR kit with Platinum®Tag (INVITROGEN). Reverse transcription was carried out at 50 0 C for 30 minutes followed by 95 0 C for 15 minutes to inactivate RT enzyme. The PCR conditions used were 35 cycles of 94 0 C for 15 seconds (denaturation), 52 0 C for 30 seconds (annealing), and 72 0 C for 90 seconds (extension). After 35 cycles of PCR, final extension was carried out at 72 0 C for 5 minutes.
Sequencing analysis
Three PCR products of each NDV, IBV and four of AIV of the were purified and used for sequencing and sequence analysis. The PCR products were purified using QIAquick PCR Purification Kits, QIAGEN, Germany, as described in the manufacture`s protocol. The purified PCR products then have been amplified using fluorescent dye-labeled-dideoxinucleotides as chain terminator (BigDye® Terminator Cycle Sequencing Kit, Applied Biosystems, USA) in a single sequencing reaction tube on Thermocycler (Biometra, Germany). The sequencing results were analyzed in an automated DNA sequencer (3500 Genetic Analyzers, Applied Biosystems, USA).
Sequencing reaction purification has been carried out using Centri-SepTM Columns, Applied Biosystems, and USA. Phylogenetic analysis BLAST search of AIV M gene, NDV F gene and IBV S1 gene against data base in gene bank were carried out and the BLAST results were analyzed. Sequence identity, divergence and phylogenic relationships were performed using (clustal W) method with weighted residue and the Mega 5 and Bioedit program (DNASTAR, Inc. Madison, WI, USA) as described by (19) . phylogenetic trees based on the partial sequences of the three genes mentioned above were constructed and analyzed.
Results
qRT-PCR
Nasal swabs and tissue pools of chickens suspected to be infected with NDV, AIV and IBV were examined by qRT-PCR using specific primers and probes for NDV, AIV and IB. All primer-probe pairs reacted only with their corresponding with mean Ct values ranged from 24.5-32.1 for AIV, 23.8-27 for NDV and 26.3-31.2 for IBV. Incidence of each virus in each province with the positivity percentages were recorded in (table 3) .
conventional RT-PCR
The assay produced amplicons of expected sizes that were distinguishable in the agarose gel; 400bp, 700 bp and 124bp PCR products from cDNA of known NDV, IBV and AIV respectively.
Sequencing and Phylogenetic analysis 3.1. NDV F gene
Three NDV positive samples were selected from different governorates (Ismailia, Sharkia and Gharbia province) to be sequenced and compared with the known genotypes of APMV-1 circulating worldwide. Phylogenetic analysis was based on partial F gene sequence for reference viruses and Egyptian strains from gene bank (table 4). The three Egyptian NDV strains were closely related to each other and to NDV strains circulated recently in Egypt. In the phylogenetic tree of NDV Egypt strains based on nucleotide sequences revealed that the three strains, clearly clustered with sequences of virulent genotype VII viruses of Egypt and other worldwide virulent NDV strains (Fig. 1) . Deduced amino acid sequences of the F protein cleavage site of Egypt NDV strains, GRRQKR*F (aa 111-117), was indicative of high virulent NDV strains. Deduced amino acid alignment of F gene of three recent Egyptian NDV strains 2019 with other reference vaccinal lentogenic and mesogenic strains revealed three or more specific amino acid arginine (R) or lysine (K) starting at position 113 and a phenylalanine (F) at position 117 specific for virulent NDV strains and not found in mesogenic or lentogenic strains.
IBV S1 gene
Three recent Egyptian IBV strains out of the IBV positive samples were selected from Ismailia, Sharkia and Gharbia province for sequencing and phylogenetic analysis. Three partial S1 gene sequences of IBV were phylogenetically compared with each other and with representatives of 17 distinct known IBV circulating worldwide. Phylogenetic analysis was based on the full S1 gene sequence for reference vaccinal virus strains and a partial nucleotide sequence. The three Egyptian sequences were identical to each other with identity percentages ranged between 91.3 to 98.1 % (table 5). The three strains were identical to other IBV strains circulating in Egypt 2016 and other distributed worldwide with identity percentage ranged between 70.5 and 91.4%. The three IBV Egyptian strains were clustered with variant II IBV strains (Fig. 2) . Mutations in amino acids of HVR of Egyptian IBV strains, the number of mutations were very high in comparison to IBV-IB-VAR206spike-glycoprotein as reference strain; Classic IBV strains had 22 mutations, Variant I had 28 mutations, Variant II had 14 mutations, IBVCH-EGYPT-M1-2019-SP1 had 16 mutation, IBV-CH-EGYPT-M2-2019-SP1 had 18 mutations and IBV-CH-EGYPT-M3-2019-SP1 had 17 mutations, all at different positions.
AIV M gene
Four samples out of the AIV positive samples by qRT-PCR from Ismailia, Sharkia, Dakhlia and Gharbia province were selected for sequencing of M gene. Partial M gene sequences of the two strains (Ismalia and Gharbia) strains were identical and clustered with H9 influenza A/chicken/Egypt viruses circulating in 2017, while the other two AIV isolates of (Sharkia and Dakhlia) were clustered with H5 AIV circulating in Egypt 2018 (M1-2018-H5N8 and M2-2018-H5N8). They clustered with G1-like viruses and were closely related to strains from Libya, Tunisia, Saudi Arabia, and Pakistan collected from 2005 through 2015 ( fig. 3) . At the amino acid and nucleotide level the two H5 strains showed 97.8% & 97. 8 
Discussion
Respiratory infection is common and of a major importance in poultry industry worldwide. Respiratory infection in chickens may be as a result of single or mixed infections as many viruses could be involved in the respiratory disease complex. In the present study we detected H5, H9 AIV, velogenic NDV and IBV in several Egyptian farms from 2016 through 2019. M gene of AIV, S1 gene of IBV and F gene of NDV were sequenced and further molecular characterization were studied to confirm the diagnosis. LPAI H9 was first isolated in Egypt from bobwhite quails and from broiler chickens (20). Co-circulation of H5N1 and H9N2 avian influenza viruses were detected (21). Cocirculation of both viruses also detected in commercial chicken flocks in Egypt during 2012 Egypt during -2013 . The main indicator of NDV pathogenicity is the formation of active fusion protein from fusion gene (F-gene), which is characterized by the presence of basic amino acid sequences in fusion cleavage site, therefore, molecular pathotyping and phylogenetic analyses of the F gene is a major determinant of NDV virulence instead of conventional methods (23, 24) . In the present study Nucleotide and amino acid sequence analysis and phylogeny of the NDV F-gene proved that the obtained isolates are belong to class II, genotype VII. According to evolutionary divergences and alignment of NDV VII with other reference strains in gene bank, it showed that the NDV strains are similar to Chinese viruses (25). Sequencing of the F protein cleavage site corresponding region showed that its amino acid sequence was 112 RRQKRF 117 , suggesting that our three isolates were vNDV strains as previously reported (26).
IBV causes a contagious respiratory disease in chickens and is one of the important diseases facing poultry industries in the world (27, 8, 28) . several serotypes of IBV have been reported due to the nature of coronaviruses, that frequently show point mutation or recombination, leading to the emergence of new variants. This variant may be due to changes in nucleotide sequence of the S1 gene, while the IBV genome remains unaltered (29). Based on the obtained S1 gene sequences the IBV strains detected in the current study clustered phylogenetically in variant II. Variant II IBV strains, is the predominant strain circulates in Egypt during 2012 and 2013 (30) . The diversity of the circulating IB viruses in Egypt depend on variations in HVR that can be a complicating factor in the IBV control, moreover, the possibility of recombination between IB viral strains (31). HVRs are associated with a serotype specific epitope which elicits the protective neutralizing antibodies and contains the point mutations that escape the protective antibodies (32). Avian influenza (AI) is a highly contagious infection of poultry that is caused by avian influenza virus (AIV), once introduced into domestic poultry may emerges genetic shift and/or drift in its two important envelope proteins, hemagglutinin (HA) and neuraminidase (NA) genes, which help virus to escape the neutralizing antibody response from host immunity (33, 34) . The transmembrane protein of the influenza A virus is an M2 integral membrane protein (ion channel) is the target of antiviral drugs like amantadine and remantadine. Certain mutations in the M2 gene lead to resistant of the virus to antiviral drugs (21). Sequenced M gene of AIV in this study revealed that two isolates clustered in a group related to G1-like lineage of H9 viruses which are circulating in the Middle East. The cleavage motif of our strain 335 RSSR*GLF 341 suggesting that our isolates were low pathogenic, the same results were detected by (28). In other article, H9N2 viruses of the HA gene showed that the Egyptian isolates of H9N2 were grouped together within the quail/Hong Kong/G1/97-like lineage, similar to Gaza and Israeli viruses (20, 35) , while the other two isolates were closely related to H5N8 strains isolated in Egypt from 2016 belonging to clade 2.3.4.4.b, that was reported in Russia and further spread to many countries in Europe, Asia and the Middle east.
Conclusions
From the obtained results, we can conclude that combined pathogens causing respiratory infections in chickens is very common, which leads to the increase in the severity of the disease and the huge economic losses. The frequent detection of AIV, virulent NDV as well as IBV from broiler flocks emphasize the need to review the vaccination strategies based on further epidemiological and molecular studies for improvement in the disease prevention and control.
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